We present the first mid-infrared (MIR) detection of a field brown dwarf (BD) and the first ground-based MIR measurements of a disk around a young BD candidate. We prove the absence of warm dust surrounding the field BD LP 944-20. In the case of the young BD candidate Cha Hα2, we find clear evidence for thermal dust emission from a disk. Surprisingly, the object does not exhibit any silicate feature as previously predicted. We show that the flat spectrum can be explained by an optically thick flat dust disk but not by a flared one.
up to r ∼ 11000 AU, as well as a rotational angular velocity Ω ∼ 3.9 × 10 −13 rad s −1 , strongly decreasing with radius beyond 3500 AU down to a value Ω ∼ 1.5-3×10 −14 rad s −1 at ∼ 11000 AU. Two distinct regions, which differ in both their infall and their rotation properties, therefore seem to stand out: the inner part of the envelope (r < ∼ 2000 − 4000 AU) is rapidly collapsing and rotating, while the outer part undergoes only moderate infall/contraction and slower rotation. These contrasted features suggest that angular momentum is conserved in the collapsing inner region but efficiently dissipated due to magnetic braking in the slowly contracting outer region. We propose that the inner envelope is in the process of decoupling from the ambient cloud and corresponds to the effective mass reservoir (∼ 0.5 M ) from which the central star is being built. Comparison with the rotational properties of other objects in Taurus suggests that IRAM 04191 is at a pivotal stage between a prestellar regime of constant angular velocity enforced by magnetic braking and a dynamical, protostellar regime of nearly conserved angular momentum. The rotation velocity profile we derive for the inner IRAM 04191 envelope should thus set some constraints on the distribution of angular momentum on the scale of the outer Solar system at the onset of protostar/disk formation.
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Formation of Gas and Ice Giant Planets Agreement about planetary formation processes deteriorates sharply with distance from the Sun. While the terrestrial planets are widely believed to have formed from the collisional accumulation of solid bodies, there are two competing mechanisms for the formation of the gas giant planets, basically "bottom-up" or "top-down". The former is the traditional core accretion mechanism, where a roughly 10 Earth-mass solid core forms by collisional accumulation, followed by hydrodynamic accretion of a gaseous envelope. The latter is the recently-revived disk instability mechanism, where a protoplanetary disk forms self-gravitating protoplanets through a gravitational instability of the gaseous disk, followed by settling and coagulation of dust grains to form central solid cores. These same two mechanisms have been modified to explain the formation of the ice giant planets. Their solid cores are thought to form too slowly to accrete substantial gaseous envelopes prior to disk removal in the core accretion mechanism, while in the disk instability mechanism, radiation from nearby massive stars is hypothesized to remove most of the protoplanets' gaseous envelopes following core formation. Both of these mechanisms for gas and ice giant planet formation have a number of advantages and disadvantages, making a purely theoretical choice between them challenging. However, the ongoing discovery of extrasolar planetary systems promises to provide considerable insight into which of these mechanisms is responsible for forming most gas and ice giant planets in the galaxy, and by inference, those in our own Solar System. , and H 13 CO + (J = 4 → 3) molecular line transitions. The source list is composed of a selection of bright rimmed clouds from the catalog of such objects compiled by Sugitani et al. (1991) . We also present observations of three Bok globules done for comparison with the bright rimmed clouds. We find that the appearance of the millimeter CO and HCO + emission is dominated by the morphology of the shock front in the bright rimmed clouds. The HCO + (J = 1 → 0) emission tends to trace the swept up gas ridge and overdense regions which may be triggered to collapse as a result of sequential star formation. Five of the seven bright rimmed clouds we observe seem to have an outflow, however only one shows the spectral line blue-asymmetric signature that is indicative of infall, in the optically thick HCO + emission. We also present evidence that in bright rimmed clouds the nearby shock front may heat the core from outside-in thereby washing out the normally observed line infall signatures seen in isolated star forming regions. We find that the derived core masses of these bright rimmed clouds are similar to other low and intermediate mass star forming regions. [7] -[15] diagram, which involves only ISOGAL data and allows to find possible YSOs using the survey data alone. In the present work we revise the adopted criteria by comparing radio-identified UC HII regions and ISOGAL observations over a much larger region. The main indications of the previous analysis are confirmed, but the criteria for selecting YSO candidates had to be revised to select only bright objects, in order to limit the contamination of the sample by Post-MS stars. We present multi-frequency VLA continuum observations towards 8 star forming regions with molecular and optical outflows: L1489, HH 68-69, HH 94-95, NGC 2264D, L1681B, L778, MWC 1080 and V645 Cyg. We detect three thermal radio jets, L1489, YLW 16A in L1681B and NGC 2264D VLA 7, associated with molecular and/or HH outflows. The L1489 and NGC 2264D VLA 7 thermal radio jets appear elongated in the direction of the larger scale outflow. We report the first tentative detection of a non-thermal radio jet, L778 VLA 5, associated with a low mass Class I protostar and powering a molecular outflow. For HH 68-69, HH 94-95 and the molecular outflow in NGC 2264D we could not identify a candidate of the exciting source of these outflows. The radio emission associated with V645 Cyg is quite extended, ∼ 0.1 pc, and time variable. We detect three radio sources in the MWC 1080 that could be associated with YSOs.
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, is the primary coolant of diffuse interstellar gas. We describe observations of [C II] emission towards nine high Galactic latitude translucent molecular clouds, made with the long wavelength spectrometer on board the Infrared Space Observatory. To understand the role of dust grains in processing the interstellar radiation field (ISRF) and heating the gas, we compare the [C II] integrated intensity with the far-infrared (FIR) integrated surface brightness for the 101 sampled lines of sight. We find that [C II] is linearly correlated with FIR, and the average ratio is equal to that measured with the COBE satellite for all high-latitude Milky Way gas. There is a significant decrease that was not detected with COBE in [C II] emissivity at high values of FIR. Our sample splits naturally into two populations depending on the 60 µm/100 µm surface brightness ratio, or color: "warm" positions with 60/100 > 0.16, and "cold" positions with 60/100 < 0.16. A transition from sources with warm to those with cold 60/100 colors coincides approximately with the transition from constant to decreasing [C II] emissivity. We model the [C II] and far-infrared emission under conditions of thermal equilibrium, using the simplifying assumptions that, in all regions heated by the ISRF, the most important source of gas heating is the photoelectric effect on grains and the most important source of gas cooling is [C II] emission. The model matches the data well, provided the ISRF incident flux is χ 0 ≈ 1.6 (in units of the nominal value near the Sun), and the photoelectric heating efficiency is ≈ 4.3%. There are no statistically significant differences in the derived values of χ 0 and for warm and cold sources. The observed variations in the [C II] emissivity and the 60/100 colors can be understood entirely in terms of the attenuation and softening of the ISRF by translucent clouds, not changes in dust properties.
Accepted by the Astrophysical Journal
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Physical structure and CO abundance of low-mass protostellar envelopes We present 1D radiative transfer modelling of the envelopes of a sample of 18 low-mass protostars and pre-stellar cores with the aim of setting up realistic physical models, for use in a chemical description of the sources. The density and temperature profiles of the envelopes are constrained from their radial profiles obtained from SCUBA maps at 450 and 850 µm and from measurements of the source fluxes ranging from 60 µm to 1.3 mm. The densities of the envelopes within ∼10000 AU can be described by single power-laws ρ ∝ r −α for the class 0 and I sources with α ranging from 1.3 to 1.9, with typical uncertainties of ±0.2. Four sources have flatter profiles, either due to asymmetries or to the presence of an outer constant density region. No significant difference is found between class 0 and I sources. The power-law fits fail for the pre-stellar cores, supporting recent results that such cores do not have a central source of heating. The derived physical models are used as input for Monte Carlo modelling of submillimeter C
18 O and C 17 O emission. It is found that class I objects typically show CO abundances close to those found in local molecular clouds, but that class 0 sources and pre-stellar cores show lower abundances by almost an order of magnitude implying that significant depletion occurs for the early phases of star formation. While the 2-1 and 3-2 isotopic lines can be fitted using a constant fractional CO abundance throughout the envelope, the 1-0 lines are significantly underestimated, possibly due to contribution of ambient molecular cloud material to the observed emission. The difference between the class 0 and I objects may be related to the properties of the CO ices. With Tycho-2 B T and V T photometry of Hipparcos stars with π > 8.0 mas, σ π /π < 15% and with spectral type and luminosity classification from the Michigan Catalogues we have a presumably unreddened sample for establishing a (B T -V T ) 0 -M VT main sequence relation in the range from A0 to G5. We discuss the location of the median main sequence relation relative to published ZAMS relations for the A0 − G5 range in some detail since the applications of this relation will have to assume that the evolutionary status of the calibration sample is representative of the local disk. If the ZAMS is defined as the lower envelope of the class V stars the published versions we discuss seem to be too bright by about half a magnitude in the F0 − G5 range. The resulting intrinsic color and absolute magnitude estimates have errors of the mean of 0.03 • and 0.3 -0.4 mag respectively. From this relation any given star with Tycho-2 photometry, spectral classification and luminosity class V can have its color excess E(B T -V T ) and distance modulus estimated. This means that the local interstellar extinction may be estimated for the ∼50% of the sky where Michigan classification presently is available. The individual color excesses and distance moduli may not be particularly accurate but we propose that they may be used to indicate extinction discontinuities caused by interstellar material at well defined distances. We have applied this new technique on stars from the Michigan Catalogue in the direction of LDN 1622 (l, b) = (204.7, -11.8) supposed to be associated to the Orion B region 400 -500 pc away but color excesses E(B T -V T ) exceeding 0.15 mag start appearing already in the distance slot 160 -200 pc. Presently we can not decide whether this nearby dust is related to LDN 1622 or that this cloud is associated to Orion B. In a final comparison we study the color excess -distance variation in a 4
• region centered on LDN 1622 from Hipparcos -Tycho−1 -Michigan data and the dust at ∼160 pc is confirmed.
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The vertical structure of T Tauri accretion discs III. Consistent interpretation of spectra and visibilities with a two-layer model We present a two-layer accretion disc model developed to simultaneously fit optical long baseline visibilities and spectral energy distributions of T Tauri accretion discs.
Our model includes several heating processes like viscous heating and absorption of stellar irradiation. The disc is modelled with concentric cylinders for which the vertical radiation transfer is computed using two layers with vertically averaged temperatures: the outer layer is heated by the stellar irradiation and the inner layer by viscous dissipation and by the outer layer. We then derive the disc structure in the case of the α and β viscosity prescriptions as well as for various optical thickness regime of the disc.
This analytical model allows us to disentangle regions where the mid-plane temperature and the effective temperature are dominated by accretion, from regions dominated by reprocessing of stellar light. We predict the flaring index of the disc surface for these various regions. In the case of α-prescription, we find that the structure of our model is consistent with those predicted by numerical simulations from previous authors.
From the disc structure, we derive the spectral energy distributions, images and interferometric visibilities. We analyse the influence of the disc parameters on the resulting structure and on the observable outputs. We apply our model to interpret consistently the spectral energy distributions and visibilities of SU Aur and FU Ori for which interferometric data are available, and that are not known to be part of a multiple system. We were not able to derive a consistent fit for T Tau North, which might come from caveats in the flux correction from its South component, but were able to separately derive fits for its spectrum and its visibility.
We find that even a single interferometric measurement at one infrared wavelength can bring a very strong constraint on disc models. We predict that future massive interferometric observations of accretion discs will provide a breakthrough in the understanding of accretion disc physics.
Accepted by Astronomy & Astrophysics

Fragmentation of Magnetically Subcritical Clouds into Multiple Supercritical Cores and the Formation of Small Stellar Groups
Zhi-Yun Li 1 and Fumitaka Nakamura Isolated low-mass stars are formed in dense cores of molecular clouds. In the standard picture, the cores are envisioned to condense out of strongly magnetized clouds through ambipolar diffusion. Most previous calculations based on this scenario are limited to axisymmetric cloud evolution leading to a single core, which collapses to form an isolated star or stellar system at the center. These calculations are here extended to the nonaxisymmetric case under thindisk approximation, which allows for a detailed investigation into the process of fragmentation, fundamental to binary, multiple system, and cluster formation. We have shown previously that initially axisymmetric, magnetically subcritical clouds with an m = 2 density perturbation of modest fractional amplitude (∼ 5%) can develop highly elongated bars, which facilitate binary and multiple system formation. In this paper, we show that in the presence of higher order (m ≥ 3) perturbations of similar amplitude such clouds are capable of breaking up into a set of discrete dense cores. These multiple cores are magnetically supercritical. They are expected to collapse into single stars or stellar systems individually and, collectively, to form a small stellar group. Our calculations demonstrate that the standard scenario for single star formation involving magnetically subcritical clouds and ambipolar diffusion can readily produce more than one star, provided that the cloud mass is well above the Jeans limit and relatively uniformly distributed. The fragments develop in the central part of the cloud, after the region has become magnetically supercritical but before rapid collapse sets in. It is enhanced by the flattening of mass distribution along the field lines and by the magnetic tension force, which is strong enough during the subcritical-to-supercritical transition to balance out the gravity to a large extent and thus lengthen the time for perturbations to grow and fragments to separate out from the background.
Accepted by ApJ preprint available at http://xxx.lanl.gov/abs/astro-ph/0206352
Self-Gravitating Magnetically-Supported Protostellar Disks and the Formation of Substellar Companions
Zhi-Yun Li Isolated low-mass stars are formed, in the standard picture, from the collapse of dense cores condensed out of strongly magnetized molecular clouds. The dynamically collapsing inflow traps nearly half of the critical magnetic flux needed for the core support and deposits it in a small region surrounding the protostar. It has been argued previously that the deposited flux can slow down the inflow, allowing matter to pile up and settle along field lines into a magnetically supported, circumstellar disk. Here we show that the disk typically contains ∼ 10% of the stellar mass, and that it could become self-gravitating under plausible conditions during the rapidly accreting, "Class 0" phase of star formation. Subsequent fragmentation of the self-gravitating, magnetically subcritical disk, driven by magnetic diffusion, could produce fragments of substellar masses, which collapse to form brown dwarfs and possibly massive planets. This scenario predicts substellar object formation at distances of order 100 AU from the central star, although orbital evolution is possible after formation. It may provide an explanation for the small, but growing, number of brown dwarf companions found around nearby stars by direct imaging. The relatively large formation distances make the substellar companions vulnerable to dynamic ejection, particularly in binary (multiple) systems and dense clusters. Those ejected may account for, at least in part, the isolated brown dwarfs and perhaps free-floating planetary mass objects.
Accepted by ApJ Letters preprint available at http://xxx.lanl.gov/abs/astro-ph/0207014
The complete far infrared spectroscopic survey of Herbig AeBe stars obtained by ISO-LWS The ISO-LWS archive has been systematically searched in order to obtain a complete far IR spectrophotometric survey of Herbig AeBe (HAEBE) stars. The investigated sample is constituted by 15 objects which, together with the 11 HAEBE we have published in two previous papers, represents about 25% of all the known HAEBE. This catalogue constitues an essential data-base in view of far IR forthcoming space missions (e.g. Herschel Space Observatory), whose scientific programs are now in the planning phase. The new sources are analysed following the same approach as in our previous papers and both differences and similarities are discussed in a coherent framework. We present results of a spectroscopic survey of X-ray-and proper motion-selected samples of late-type stars in the Lower Centaurus-Crux (LCC) and Upper Centaurus-Lupus (UCL) subgroups of the nearest OB association: ScorpiusCentaurus. The primary goals of the survey are to determine the star-formation history of the OB subgroups, and to assess the frequency of accreting stars in a sample dominated by "post-T Tauri" pre-main sequence (pre-MS) stars. We investigate two samples: (1) proper motion candidates from the ACT and TRC astrometric catalogs (Hoogerwerf 2000) with X-ray counterparts in the ROSAT All-Sky Survey (RASS) Bright Source Catalog, and (2) Fifty-one dense cores associated with water masers were mapped at 350 µm. These cores are very luminous, 10 3 < L bol /L < 10 6 , indicative of the formation of massive stars. Dust continuum contour maps, radial intensity profiles, and photometry are presented for these sources. The submillimeter dust emission peak is, on average, nearly coincident with the water maser position. The spectral energy distributions and normalized radial profiles of dust continuum emission were modeled for 31 sources using a one-dimensional dust radiative transfer code, assuming a power law density distribution in the envelope, n = n f (r/r f ) −p . The best fit density power law exponent, p, ranged from 0.75 to 2.5 with p = 1.8 ± 0.4, similar to the mean value found by Beuther et al. (2002) in a large sample of massive star forming regions. The mean value of p is also comparable to that found in regions forming only low mass stars, but n f is over two orders of magnitude greater for the massive cores. The mean p is incompatible with a logatropic sphere (p = 1), but other star formation models cannot be ruled out. Different mass estimates are compared and mean masses of gas and dust are reported within a half-power radius determined from the dust emission, log(M (< r dec )) = 2.0 ± 0.6, and within a radius where the total density exceeds 10 4 cm −3 , log(M (< r n )) = 2.5 ± 0.6. Evolutionary indicators commonly used for low mass star formation, such as T bol and L bol /L smm , may have some utility for regions forming massive stars. Additionally, for comparison with extragalactic star formation studies, the luminosity to dust mass ratio is calculated for these sources, L bol /M D = 1.4 × 10 4 L /M , with a method most parallel to that used in studies of distant galaxies. This ratio is similar to that seen in high redshift starburst galaxies.
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The molecular environment of NGC 3603 I. Spatial distribution and kinematic structure We present CS (2-1) and CS (3-2) observations of the molecular gas associated with the Galactic starburst template NGC 3603, over an area of 5 . 8 × 16 . 7, with the OB cluster at the center. Total velocity integrated maps and channel maps give insight into the spatial distribution and the kinematic structure of the dense gas in the giant molecular cloud from which the starburst cluster originated. We identify 13 molecular clumps with radii less than 0.8 pc and derive upper limits for their virial masses as well as lower limits for their H 2 column densities:
One of the clumps, MM 11, clearly stands out with a mass and column density 4 times higher than average. The CS (3-2) / CS (2-1) map shows higher intensity ratios to the south of the OB cluster than to the north (0.80 ± 0.08 versus 0.32±0.11), which indicates a substantial difference in the physical conditions (either opacities or excitation temperatures) of the molecular gas. From the average of the line peak velocities, 14.2 ± 1.6 km s −1 , we deduce a kinematic distance of 7.7 ± 0.2 kpc for NGC 3603 . We estimate the star formation efficiency ( > ∼ 30 %) of the central part of the NGC 3603 H ii region. If we assume the age of the OB cluster to be less than 3 Myr and the star formation rate to be larger than 1.3 · 10 −3 M yr −1 , the derived timescale for gas removal (τ ∼ 6 Myr) can explain why the starburst cluster itself is nearly void of interstellar material. The remnant clump MM 1 appears to constitute the head of a prominent pillar which still becomes dispersed by ionizing radiation and stellar winds originating from the massive stars of the cluster. Because some of the molecular clumps are associated with near and mid infrared sources as well as OH, H 2 O and CH 3 OH maser sources we conclude that star formation is still going on within NGC 3603 .
Accepted by A&A Constraints on star formation theories from the Serpens molecular cloud and protocluster We have mapped the large-scale structure of the Serpens cloud core using moderately optically thick ( 13 CO(1-0) and CS(2-1)) and optically thin tracers (C 18 O(1-0), C 34 S(2-1), and N 2 H + (1-0) ), using the 16-element focal plane array operating at a wavelength of 3mm at the Five College Radio Astronomy Observatory. Our main goal was to study the large-scale distribution of the molecular gas in the Serpens region and to understand its relation with the denser gas in the cloud cores, previously studied at high angular resolution. All our molecular tracers show two main gas condensations, or sub-clumps, roughly corresponding to the North-West and South-East clusters of submillimeter continuum sources. We also carried out a kinematical study of the Serpens cloud. The 13 CO and C 18 O(1-0) maps of the centroid velocity show an increasing, smooth gradient in velocity from East to West, which we think may be caused by a global rotation of the Serpens molecular cloud whose rotation axis is roughly aligned in the SN direction. Although it appears that the cloud angular momentum is not sufficient for being dynamically important in the global evolution of the cluster, the fact that the observed molecular outflows are roughly aligned with it may suggest a link between the large-scale angular momentum and the circumstellar disks around individual protostars in the cluster. We also used the normalized centroid velocity difference as an infall indicator. We find two large regions of the map, approximately coincident with the SE and NW sub-clumps, which are undergoing an infalling motion. Although our evidence is not conclusive, our data appear to be in qualitative agreement with the expectation of a slow contraction followed by a rapid and highly efficient star formation phase in localized high density regions. 
+8
−4 Myr for this group. Here, by retracing the 3-D orbits of all the members of BPMG, and using a realistic Galactic potential, we find that a first maximum concentration of orbits occurs at 11.5 Myr and in a space region having a maximum size of 24 pc, three times smaller than its present size. We consider this region to be the birthplace of BPMG. This interesting similarity of independently obtained evolutionary and kinematical ages, indicates that this group could have already been formed as an unbound system, as observed today. The birthplace of BPMG is located in a 3-D space, at ∼ 45 pc from the region where the LCC and UCL subgroups of the Sco-Cen OB association were when they were between 4 to 6 Myr old. At that age, both subgroups were able to produce SNe capable of triggering the formation of BPMG. This interaction distance could even be smaller, up to ∼ 26 pc, if SNe exploded in the outer regions of LCC or UCL near the proposed birthplace of BPMG. This scenario confirms, at least for BPMG, the suggestion made by Mamajek & Feigelson (2001) and other authors that young unbound nearby stellar associations with ages around ∼ 10 Myr originated in this OB complex. In contrast to the BPMG, for which we propose a coeval formation, the LCC and UCL subgroups appear not to be truly coeval.
Accepted by Astrophysical Journal Letters. In the last years substantial progress has been made in modelling turbulent clouds and describing their structure by characteristic parameters. The missing link for a systematic comparison between models and observations is the lack of efficient radiative transfer algorithms to generate molecular line maps from the models comparable to the observed maps. A fully self-consistent solution of the radiative transfer problem is computationally very demanding and hardly suited to evaluate a large set of cloud models with regard to their agreement with observed molecular cloud structures. We introduce a new, computationally efficient code to calculate the line profiles based on two reasonable approximations. It is able to compute the molecular line maps in turbulent cloud models with an accuracy of about 20 % fast enough to be run on large sets of model clouds. Applying the code to hydrodynamic, and magnetohydrodynamic cloud models we study how their structure would appear in molecular line observations. We show that no single molecular line provides a good measure for the density structure in the models. The X factor, translating the integrated line intensities into column densities, can be approximately constant within a density range covering up to a factor 100 in few transitions but for each line this behaviour breaks down outside of a limited range of densities. Optical depth effects and subthermal excitation result in a significant modification of the distribution of line intensities relative to the column density distribution. All lower transitions of CO isotopes only trace gas at low and intermediate densities which is distributed over all scales in molecular clouds. Turbulence models driven on the largest scales reproduce the observed scaling behaviour. Higher CO transitions are only excited in dense cores resulting from shocks or gravitational collapse. The existence of massive dense cores resulting from collapse can only be inferred when comparing observations in different transitions taken with an excellent signal-to-noise ratio or from dedicated high-density tracers. The line profiles obtained from turbulence models driven on large scales break up into several fragments in contrast to observations of molecular clouds without heavy star-formation which show typically smooth profiles with close-toGaussian shape. None of the turbulence simulations provides a good match of all observed properties for this type of clouds. The velocity scaling behaviour of all observations and turbulence models is consistent with the interpretation of a molecular cloud as shock-dominated medium. More observational data are needed to provide a reliable conclusion on the degree of intermittency. As molecular lines fail to reflect the density structure of an interstellar cloud line observations should be combined with dust continuum observations to deduce column densities. On the other hand we need the velocity information contained in line observations to discriminate between different turbulence models.
Molecular line emission from turbulent clouds
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High-resolution study of the young stellar objects in Mon R2 IRS 3 We present a bispectrum speckle interferometry study of the embedded young stellar objects in Mon R2 IRS 3 in the near-infrared H and K bands. Our images with a resolution of 75 mas ( = 62 AU) show a close triple system surrounded by strong diffuse nebulosity and three additional infrared sources (K magnitudes ∼ 11.8 -13.7) within 3 of the brightest object IRS 3 A (K ∼ 7.9). We use HST/NICMOS archive images to derive near-infrared photometry for the sources and estimate the stellar masses of the three brightest objects IRS 3 A, B, and C to be in the range ∼ 5−15 M .
IRS 3 A is surrounded by a bipolar nebula (position angle ∼ 30
• ), suggesting it to be embedded in a thick circumstellar disk or a torus with polar cavities. IRS 3 B shows a remarkable jet-like emission feature pointing towards the north-east (position angle 50
• ). This feature consists of at least three individual knots with projected separations of 130, 230, and 290 mas (110, 190, and 240 AU) from IRS 3 B, which are much brighter in the K band than in the H band. This strongly indicates outflow activity from IRS 3 B, which is therefore probably the source of the compact high velocity molecular outflow reported from Mon R2 IRS 3.
We also analyze Chandra X-ray archive data for the Mon R2 region and find IRS 3 A and IRS 3 C to be sources of hard (3−10 keV) and variable X-ray emission, suggesting plasma temperatures of at least 50 × 10 6 K. The similarity of the X-ray properties to those of Class I protostars suggests magnetic interaction between the protostars and their circumstellar disks to be the origin of the X-ray emission; this provides indirect evidence for the presence of circumstellar disks in the intermediate-to high-mass young stellar objects IRS 3 A and IRS 3 C. We describe a near-infrared imaging survey of Globule 2 in the Coalsack. This Bok globule is the highest density region of this southern hemisphere molecular cloud and is the most likely location for young stars in this complex. The survey is complete for K < 14.0, H < 14.5, and J < 15.5, several magnitudes more sensitive than previous observations of this globule. From the large number of background stars, we derive an accurate near-infrared extinction law for the cloud. Our result, E J−H /E H−K = 2.08 ± 0.03, is significantly steeper than results for other southern clouds. We use the J − H/H − K color-color diagram to identify two potential young stars with K < 14.0 in the region. We apply H-band star counts to derive the density profile of the Coalsack Globule 2 and use a polytropic model to describe the internal structure of this small cloud. For a gas temperature T ∼ 15 K, this globule is moderately unstable. We have carried out a long-term photometric and spectroscopic monitoring program of the southern FU Orionis type object BBW 76 spanning the period from 1982 to 1997. BBW 76 has the same radial velocity as the small cloud towards which it is projected, and for which a kinematic distance of about 1.8 kpc has been derived. We have determined a large reddening of E(B-V) ∼0.7 for BBW 76. Optical and infrared spectra show the change towards later spectral type with increasing wavelength characteristic of FUors, and indicative of a hot luminous disk. High resolution echelle spectra of BBW 76 show P Cygni profiles with extended blueshifted absorption troughs at the Hα and Sodium lines from a neutral, supersonic wind. Comparison of such spectra obtained at six different epochs between 1985 and 1997 reveal major changes in these Hα and Sodium line profiles. For a period of 10 years from 1985, the massive absorption troughs diminished in extent and depth, until by 1994 they had all but disappeared, while at the same time the blueshifted emission peak in the Hα line increased markedly in strength. However, when observed in 1997, the absorption had increased again and the emission had diminished. We interpret this in terms of an extended period during which accretion through a circumstellar disk decreased with a resulting decrease in wind production. But the increased activity by 1997 shows that this is not a constant decay, and that the star was not about to revert to its presumably original T Tauri stage. We monitored the star with optical photometry from 1983 to 1994, during which period it decreased almost monotonically in brightness by 0.2 magnitudes in V. Infrared J, H, and K photometry from 1983 to 1991 shows a period of monotonic fading between 1984 and 1988, followed by more irregular behavior. In a search of the Harvard plate archives we have found a plate from year 1900, on which BBW 76 is seen at approximately its present brightness, and certainly not 2 magnitudes brighter as expected if the optical decline between 1983 and 1994 had persisted during the whole century. Also, a plate taken for the Franklin-Adams charts in 1927 again shows BBW 76 at approximately the same brightness. This historical light curve makes BBW 76 the FUor with the longest documented period in a high state. Overall, the observations suggest that BBW 76 is virtually identical to the prototype of its class, FU Orionis itself, in all respects except that BBW 76 has not shown the regular fading that FU Orionis has displayed after its eruption in 1936. This may be due to continued replenishment of the circumstellar accretion disk.
Accepted by Astron. J. We have modeled the infrared (IR) Spectral Energy Distribution (SED) of circumstellar disks embedded in a HII region and photoevaporated by the external ultraviolet radiation. The model applies to the photoevaporated disks (proplyds) in the Orion Nebula, most of them illuminated by the O6.5 star θ 1 Ori C. First we calculate the IR emission of a Pre-Main-Sequence star surrounded by a dusty globule that is immersed within an HII region. The globule is assumed to be spherical, homogeneous, optically thin at IR wavelengths and photoevaporated according to the Dyson (1968) model. Second, we consider the IR emission of a disk directly exposed to the nebular environment. The reprocessing disk is passive and treated according to the Chiang and Goldreich (1997, CG97) model. We improve over the CG97 treatment by tracing the propagation of the various radiative fluxes (from the star exciting the HII region, nebular, and grazing from the disk central star) through the disk superheated atmosphere. Since the opposite disk sides receive different amounts of radiation, the flaring angle and the surface temperature distributions are different, resulting in well distinguished SEDs for the two disk faces. Finally, we combine the globule and disk models to estimate the IR emission of proplyds. The energy input from the central star and the nebular environment increase the disk flaring angle, and therefore also the amount of stellar radiation intercepted by the disk. The relative intensity of the disk vs. envelope emission varies with the tilt angle relative to the directions of θ 1 Ori C, and of the Earth. We explore the dependence of the SEDs upon the tilt angle with respect to the Earth, the distance from θ 1 Ori C, the size on the envelope, the inner disk radius and the temperature of the central star. The resulting SEDs are characterized by a broad peak of emission at 30-60 µm, and are in general significantly different from those of isolated disks in low-mass star forming regions like Taurus-Auriga. Our model indicates that in the presence of an external radiation field, relatively evolved "Class 2" objects may display a SED peaking at mid-IR and far-IR wavelengths. Also, the model can account for the strong mid-IR excess we have recently detected at 10 µm, from embedded disks in the Orion Nebula. We present VLA observations at 3.6-cm of three fields containing molecular outflows, including the HHL59 region, whose CO molecular flow is reported here. We detected candidates for the exciting sources of the molecular outflows in the three fields observed: L1287, HH 288, and HHL59. The exciting source of L1287 has been reported previously, but those toward HH 288 and HHL59 are first presented here. We discuss the parameters of these sources, as well as their relation with sources detected at other wavelengths. A detailed radiative transfer analysis of the observed continuum and molecular line emission toward the deeply embedded young stellar object IRAS 16293-2422 is performed. Accurate molecular abundances and abundance changes with radius are presented. The continuum modelling is used to constrain the temperature and density distributions in the envelope, enabling quantitative estimates of various molecular abundances. The density structure is well described by a single power-law falling off as r −1.7 , i.e., in the range of values predicted by infall models. A detailed analysis of the molecular line emission strengthens the adopted physical model and lends further support that parts of the circumstellar surroundings of IRAS 16293-2422 are in a state of collapse. The molecular excitation analysis reveals that the emission from some molecular species is well reproduced assuming a constant fractional abundance throughout the envelope. The abundances and isotope ratios are generally close to typical values found in cold molecular clouds in these cases, and there is a high degree of deuterium fractionation. There are, however, a number of notable exceptions. Lines covering a wide range of excitation conditions indicate for some molecules, e.g., H 2 CO, CH 3 OH, SO, SO 2 and OCS, a drastic increase in their abundances in the warm and dense inner region of the circumstellar envelope. The location at which this increase occurs is consistent with the radius at which ices are expected to thermally evaporate off the grains. In all, there is strong evidence for the presence of a 'hot core' close to the protostar, whose physical properties are similar to those detected towards most high mass protostars except for a scaling factor. However, the small scale of the hot gas and the infalling nature of the envelope lead to very different chemical time scales between low mass and high mass hot cores, such that only very rapidly produced second-generation complex molecules can be formed in IRAS 16293-2422. Alternatively, the ices may be liberated due to grain-grain collisions in turbulent shear zones where the outflow interacts with the envelope. Higher angular resolution observations are needed to pinpoint the origin of the abundance enhancements and distinguish these two scenarios. The accurate molecular abundances presented for this low-mass protostar serve as a reference for comparison with other objects, in particular circumstellar disks and comets. We present new 1.2 mm continuum maps and near-and mid-infrared images of the cometary cloud L1616 located to the west of the Orion OB associations and apparently shaped by the winds and radiation coming from the massive, hot stars in the OB association. The new data reveal evidence for ongoing star formation in the cloud in addition to the known cluster of somewhat more evolved stars illuminating the NGC1788 reflection nebula in the head of the cometary cloud. The 1.2 mm survey reveals a tight group of dust continuum sources, the brightest of which is seen to drive a powerful near-infrared H 2 jet, apparently a very young protostar of Class 0 type. The location of the newly discovered protostar with respect to the older cluster and the direction towards the OB association suggests an age sequence due to a wave of star formation driven through the cloud and triggered by the impact of the nearby OB association: the older generation of stars is located on the side of the cloud directly facing the OB association, whereas a new generation of star formation takes place deeper within the cloud.
The Infrared Emission of Circumstellar Envelopes, Dark Silhouettes and Photoionized Disks in HII Regions
Accepted by A&A + abundance and its morphology arose in a photochemistry induced in the highly turbulent interface induced between the outflow and the core. In this paper we use a very large chemical network to explore the molecular nature of this interface, and demonstrate that, beside HCO + , many other molecular tracers should be anomalously enhanced in this interface and should under high resolution show the same morphology as HCO + . We predict that particularly abundant species should include H 2 S, CS, H 2 CS, SO, SO 2 , CH 3 OH and recommend that a study for these species and their morphologies be made in star-forming cores. Such observations should help to define the fluid interaction in the interface. The range of molecules predicted here should more generally represent a chemical signature of energetic turbulent mixing of hot and cold interstellar fluids, and our models developed may be able to interpret observations to determine the nature of the fluids and their interaction. We explore the structures immediately surrounding the intermediate-mass young stellar object R Mon with bispectrum speckle interferometry, conventional near-infrared imaging and by analyzing optical HST archive data. Our nearinfrared speckle images with unprecedented diffraction-limited resolution of 55 mas (∼ 44 AU; H-band) and 76 mas (∼ 61 AU; K-band) represent the highest resolution R Mon images obtained so far and exhibit previously unseen complex structures. While the binary companion R Mon B appears as an unresolved point source in our speckle images, the image of the primary R Mon A is marginally extended in the K-band and significantly extended in the Hband. The most prominent new feature is a bright arc-shaped structure, pointing away from R Mon in north-western direction. We interpret this feature as the surface of a dense structure near the thick circumstellar disk or torus around R Mon. Our images also reveal several twisted filaments of helical shape which are similar to the twisted filaments in the outer parts of the nebula. We identify structures which probably are responsible for casting pronounced shadows in the outer regions of the NGC 2261 reflection nebula. Finally, we discuss the relation of the observed features, in particular the arc-shaped speckle feature, to the wind and outflow activity (Herbig-Haro objects and jets) of R Mon. We have observed the bipolar jet from RW Aur A with STIS on board the HST. After continuum subtraction, morphological and kinematic properties of this outflow can be traced to within 0. 1 from the source in forbidden emission lines. The jet appears well collimated, with typical FWHMs of 20 to 30 AU in the first 2 and surprisingly does not show a separate low-velocity component in contrast to earlier observations. The systemic radial outflow velocity of the blueshifted lobe is typically 50% larger than that of the redshifted one with a velocity difference of about 65 km s −1 . Although such asymmetries have been seen before on larger scales, our high spatial resolution observations suggest that they are intrinsic to the "central engine" rather than effects of the star's immediate environment. Temporal variations of the bipolar jet's outflow velocities appear to occur on timescales of a few years. They have combined to produce a 55% increase in the velocity asymmetry between the two lobes over the past decade. In the red lobe estimated mass fluxṀ j and momentum fluxṖ j values are around one half and one third of those for the blue lobe, respectively. The mass outflow to mass accretion rate is 0.05, the former being measured at a distance of 0. 35 from the source. The research performed in this thesis concentrates on the analysis and interpretation of the Infra-Red (IR) emission lines in the near and mid IR of spectra of Young Stellar Objects (YSOs). The IR-spectra of a sample of YSOs is observed with the Short-Wavelength Spectrometer (SWS) on board the Infra-red Space Observatory (ISO). This research is mainly based on the analysis of these spectra.
The IR lines are characteristic for Polycylcic Aromatic Hydrocarbons (PAHs). PAHs are the most complex molecules observed in space, and play an important role in the physics and chemistry of the InterStellar Medium . One of the aims of this thesis was the characterisation of PAHs in the environment of YSOs. Our analysis shows that PAHs are modified in the immediate circumstellar environment of YSOs; the '7.7' µm band is the most obviously varying band. We discuss the possible mechanisms modifying the '7.7' µm band in the environment of YSOs. We conclude that processes in the protostellar or protoplanetary environment during the formation and/or early evolution of the YSO are the main drivers. Special attention is given to the possible role of clustering. We conclude that PAH clustering is not important in these environments.
We report the detection of a new emission plateau extending from 15 to 20 µm. We attribute this plateau to a blend of emission features arising from C-C-C bending modes, causing in-and out-of-plane distortion of the carbon skeleton of PAHs. We conclude that the observed increased strength of the 15-20 µm plateau relative to the shorter wavelength IR emission features in the harsh environment of HII regions, is caused by the higher relative abundance of larger PAHs and PAH clusters.
In the circumstellar environment of two YSOs, HD 97048 and Elias 1, emission bands from hydrogenated diamonds are identified. Analysis of the emission bands and the radiative energy budget indicates that the diamond carriers in HD 97048 have very small sizes, typically 1-10 nm. The abscence of other common dust grains in the cirumstellar environment of HD 97048 together with the specific conditions required for diamond formation and the characteristics of meteoritic diamond make us conclude that in situ formation of the diamonds in these objects is more likely than a stardust origin.
New Books
Star Formation and the Physics of Young Stars
Edited by Jérôme Bouvier and Jean-Paul Zahn
Planetary Sciences
Imke de Pater and Jack J. Lissauer
Researchers and students working on star formation are increasingly faced with a need to understand planetary sciences. Planet formation is a rapidly developing discipline, and studies of extrasolar planets offer insights into planetary system architectures different from our own. Studies of meteorites, comets and asteroids provide information on the conditions in the early solar nebula. The evolution of disks around newborn stars is shaped by dynamical interactions with protoplanets. Star formation thus interfaces with planetary sciences in multiple ways. The present book provides a detailed and up-to-date overview of the concepts, processes, and observational facts of planetary sciences, and as such is an invaluable tool for star formation researchers who wish to develop their understanding of this rapidly developing field. The book is organized so it can be used as a textbook for a graduate course.
Meetings
First Announcement:
The Dense Interstellar Medium in Galaxies Symposium Objectives:
The conference will focus on the structure and processes in molecular clouds and on the general interstellar medium ranging from star formation in the early universe to the composition of the ISM in our neighborhood. It will provide an international platform for reviewing the fast developing field of interstellar medium research.
Zermatt Conferences on the interstellar medium are held since 1988 in a regular 5 years interval. The conference is organized by the KOSMA group of the University of Cologne in collaboration with the Max Planck Institute for Radioastronomy and the Radioastronomical Institute of the University Bonn. Just as the previous ones, the 4th conference will bring together scientists and experts in the field and give them the opportunity to report and discuss on the latest astrophysical research and the rapidly processing technology developments.
Major topics are:
• Physical condition and structure of the dense ISM
• Star formation
• Galactic structure and dynamics
• Astrochemistry and laboratory astrophysics Additional details will be available in the near future. A call for contributions will be released in fall. See also our Conference web page: http://www.ph1.uni-koeln.de/zermatt2003
For further information send an email to zermatt2003@ph1.uni-koeln.de or contact the Local Organizing Committee. Feel free to distribute this announcement to other interested scientists and students. The SIRTF Science Center (SSC) announces two identical "SIRTF Observation Planning Workshops", to be held at the SSC in Pasadena, CA on November 22-23 and December [6] [7] 2002 . The purpose of these workshops is to provide detailed information on the SIRTF observatory, the various modes of observation and how to prepare technically sound proposals that will take advantage of the extraordinary capabilities of SIRTF instruments. The workshops will be used to train a cadre of SIRTF GO science liaisons within a range of astronomical departments. The goal is to reach a broad audience, thus we expect to have only 1-2 people from a single institution. Graduate students will be required to have a letter of recommendation to attend from the head of their department. Registration details can be found on the workshop webpage (http://sirtf.caltech.edu/SSC/OST/WORKSHOP/). Contact: obsplan@ipac.caltech.edu.
The Star Formation Newsletter is a vehicle for fast distribution of information of interest for astronomers working on star formation and molecular clouds. You can submit material for the following sections: Abstracts of recently accepted papers (only for papers sent to refereed journals, not reviews nor conference notes), Dissertation Abstracts (presenting abstracts of new Ph.D dissertations), Meetings (announcing meetings broadly of interest to the star formation and interstellar medium community), New Books (giving details of books relevant for the same community), New Jobs (advertising jobs specifically aimed towards persons within our specialty), and Short Announcements (where you can inform or request information from the community).
Latex macros for submitting abstracts and dissertation abstracts are appended to each issue of the newsletter. 
Moving ... ??
If you move or your e-mail address changes, please send the editor your new address. If the Newsletter bounces back from an address for three consecutive months, the address is deleted from the mailing list.
